The emerging 3 rd generation services are provided through various types of networks and terminals. Roaming users rely on new kinds of wireless networks and terminals to offer mobility and make services available everywhere. The users' requirement for continuous access to personalized services from any place, transparently and independently of the underlying network technology and the terminal or point of access, was satisfied by the first VHE prototypes. The challenge in service engineering is now to make these services smarter by adding context management capabilities to them. In this paper we propose an enhanced framework for efficient context management in a VHE environment.
Introduction
The emerging 3 rd generation networks enable the deployment of very attractive multimedia services that take advantage of the high rates of data transfer. These services will be provided through various types of networks and many different kinds of terminals. Wireless networks and terminals are especially important, as they offer mobility and make services available to roaming users. As expected, one of the first endusers' requirements was to access subscribed and personalized services continuously from any place, transparently and independently of the underlying network technology and the terminal or point of access. This requirement has been addressed by the Virtual Home Environment (VHE) concept, introduced in the late nineties. Several standardization bodies, such as 3GPP [1] , UMTS Forum [2] , GSM MoU [3] , ETSI [4] , ITU-T [5] , and TTC [6] are working on the specification of the VHE, while several research projects ( [7] - [14] ) have also elaborated on the validation of the VHE concept.
IST project VESPER [15] , funded by the European Community, is one of them and our work in this project has acted as a motivation for this article.
Ubiquitous service provision is an especially useful and attractive feature and now that the feasibility of the concept has been testified, service engineers seek ways to combine it with the latest features, the most significant of which is by far contextawareness. Implementations of the Virtual Home Environment are context-sensitive systems, which acquire information about the current network and terminal, check with user profiles and act accordingly, performing all necessary adaptations automatically. The profile mechanism includes interface-specific and service-specific user preferences, which could be perceived as context. Profiles could be edited manually, or created automatically, based on statistical observation of the user's behaviour, for example by remembering the most recent choice of background color or font size. VHE functionality could be used as a starting point for creating a system with full context-awareness.
We examined whether and how it would be possible to handle context efficiently within a VHE system. In this paper we present our analysis of context information and the architectural changes we consider to be necessary, in order to incorporate uniform context manipulation in VHE systems. A VHE-enabling architecture and especially the service personalization mechanisms are described in Section 2. In Section 3 we analyze context data and metadata, providing real service examples and an illustrative usage scenario. Section 4 refers to the necessary architectural changes, which will lead to the creation of an appropriate framework for efficient manipulation of context within the VHE. Finally, in Section 5, conclusions are drawn and future plans are exposed, while our current research work is placed into perspective.
VHE architecture and personalization
Within the VHE, users are consistently presented with the same personalized services wherever they go, regardless of the serving network and the terminal. The services capabilities are of course limited by the capabilities of each network and terminal, while they also depend on the users' subscription(s). VESPER defined and demonstrated a VHE architecture providing roaming users with service portability and session mobility across a multi-provider, heterogeneous network and system infrastructure. Based on scalable state-of-the-art technologies, an architectural framework was defined and specified, enabling the realization of a VHE in service provision and use.
Existing definitions of VHE and its requirements were analyzed and new elements were added wherever found necessary. The main capabilities, such as portability of personal service environment across networks and terminals, service-to-terminal adaptation, service continuity and service-to-network adaptation, were studied and prescribed within a wide range of transport technologies. During the lifetime of the project a preliminary prototype was implemented, which demonstrated a subset of the VHE architectural constituents and provided a "proof of concept". This prototype was used to validate the proposed VHE architecture, both theoretically and practically, through experimentation.
Finally, migration paths were analyzed, in order to find the best ways for current systems to interwork with, or evolve to, advanced systems meeting the VHE requirements. The VHE-enabling architecture and especially the service personalization mechanisms are described in this Section.
A VHE enabling architecture
Within the VESPER project, a VHE enabling architecture was designed and tested, taking into consideration the advantages and disadvantages of former relative work and efforts. A high level view of this VHE architecture is presented in Figure 1 .
Figure 1. VHE Architecture
The connectivity path between the server and the terminal is depicted, as well as the different access networks. The most critical part of it is a set of components realizing Figure 2 . The server API categories are depicted, as well as the VHE components that materialize the VHE concept.
Figure 2. VHE Server Structure
The VHE components that are briefly described below are accessible from users, subscribers, administrators and the services through the VESPER VHE APIs. The Access Component provides the necessary functionality for a secure VHE session creation, within which the end-user can make use of a personalized service. 
Profile management and service personalization in VHE systems
The existence of various profiles is not a new issue in service provision. In legacy systems, service profile management is standardized and is an integral part of the network technology used. In GSM, for instance, the service profile is maintained in the Home Location Register (HLR) and copied to the Visited Location Register (VLR) of the service area, where the end-user is roaming. It should be noted that, in these systems, the profile and logic of the services are associated with the point of attachment in the fixed networks and the terminal in the mobile networks.
One of the focal points in VHE systems is the dynamic profiling mechanism they rely on. In addition to the traditional service profiles, there is consideration for the personalized "look-and-feel" of the services from the end-user's perspective. This implies the management of a collection of properties on the user interface of the device in use, as well as particular preferences for the service user interface (man-machine-interface, userperceived QoS). Furthermore, the VHE services -being both mobile and personalizedassociate the service profile and logic with the end-user himself.
An efficient profile information model was designed and validated within the VESPER project [19] . The profile management constituents and the relations (inheritance, composition, or generic associations) between them, that altogether define the profile model, will be described here. The profile model is built on several entities, each maintaining different pieces of information: the User Record, the User Profile, the User Interface Profile, the User Services Profile and the Service Preferences.
The User Record (UR) is the "root" component of this model, related exclusively to one user of the VHE system. It maintains all user-specific information, such as the user credentials, which can be used to uniquely identify the user when he/she enters the system. It is used by the authentication and authorization mechanisms, providing the means to establish a trusted relation between the user and the VHE provider. Each user can have many User Profiles (UPs) (i.e. for private or business usage), which are made available for him/her to choose from upon his/her entrance to the VHE system. The UP is the unique combination of two information elements that manage specific preferences on the user's environment and state the preferences for the set of subscribed services. These two elements are the User Interface Profile (UIP) and the User Services Profile (USP).
The contents of each profile are restricted to exactly one UIP and one USP.
The UIP includes all information that expresses the user's generic usage preferences The VHE Provider can provide both the UIP and the USP, by default, while the user can update them at any time, subject to subscription constraints. The UP is the entity that enables the user to a personalized interface and service environment, and may be maintained irrespectively of the terminal and network types utilized for service usage.
The described profile model is depicted in Figure 3 . 
Context definition and modeling
In the field of application development, context is a term introduced at the beginning of the 90's, comprising information relative to user environment aspects, The user "fingerprints" context characterizes the user as an entity in his/her social, professional and personal life, and generally they only have to be provided to the system once. It includes contact information and user identity details (i.e ID number -given by the system, name, home address, email address, telephone, fax), user professional context In the VHE systems, only the location information is used in cases of roaming.
The time context comprises all information related to the current time (i.e. time of day, working day or weekends, month, season of year, holidays). Originally, time was not taken into account by VHE systems. However, in the latest component models of the VHE server, time is considered as a parameter that affects the user's activities and habits, and is recorded, in order to produce patterns of service usage for efficient selection of the most appropriate replicated Home VHE provider or Visited VHE provider for users in their home domain and roaming users, respectively [32] .
The user current state context includes all information relevant to the physical state of the user during the service usage. It consists of the user biological state (i.e. sick, fevered, tired, sleepy) and the user emotional state (i.e. calm, angry, bored, worried, interested, focus of attention). This type of context is not taken into consideration in current VHE system specifications.
The application context refers to the information relative to the applications provided. It contains application specific information (i.e. subscriptions, accounts, SLAs, preferences, necessary resources, operating system, distribution model, interworking requirements), server specific information (i.e. type, status, replicated instances). This data is generally not used in present VHE systems.
The terminal context includes all static and dynamic information related to the current terminal of the user, valid only within the ongoing access session. It refers to details on the terminal type, manufacturer, model and capabilities (i.e. screen size & resolution, bandwidth support, processing power, available software, control capabilities), as well as status parameters of the terminal (i.e. battery status, signal efficiency). The static information of this type of context is handled by the TP of the VHE system, and is used to adapt service provision to the capabilities of the terminal device [33] , while the dynamic part of it is currently not taken into consideration.
Finally, the network context comprises all information related to the underlying network. It consists of network type and parameters (i.e. protocols, provider, connectivity bandwidth, delay, jitter, noise, costs, round trip time, available APIs, traffic -load, QoS level). This type of context is also monitored and used in all VHE systems by the Connection and the QoS Components as the dynamic adaptation to heterogeneous underlying networks is a focal point in this field [33] .
The structure of the context model is depicted in Figure 4 , including the main context types and the relationships between them. The way that the information is provided to the system is very important, as well as the duration and updating frequency. Some pieces of information can only be provided manually -on-line forms or voice recognition techniques-and some may also be acquired automatically -via sensors, cameras, or microprocessor signal interpreters. In our classification we distinguish between context types that are permanent -unlikely to be changed-or temporary -expected to be changed or updated often-, static -invariant within an access session-or dynamic -change constantly. 
Scenario describing context-aware services
The provision of context-aware services seems to be very attractive for consumers, since this embedded smartness on services promises to make life easier and bring us closer to what Donald Norman describes in his latest book, The Invisible Computer [34] as the "third generation of PC, the generation where the machines disappear from sight, arranged is the transportation means to take him to the airport. According to the departure time and the data regarding the expected traffic, a reminder is held, so that a taxi arrives at his house to take him to the airport. All John has to do is confirm the arrangements.
After the flight reservations are settled, the e-travel agent proceeds with the accommodation arrangements. Taking into account the meeting place and duration, John's hotel preferences -4 star hotels and a non-smoker rooms-and the company's policy on maximum accommodation expenses for employees, the e-travel agent searches for the appropriate hotel and room and makes a reservation.
The flight day arrives and John is ready to travel. The electronic devices that John carries are his mobile phone and a PDA-like device that supports wireless connection.
This device includes a location detector and a health sensor and interacts with various micro-signal-generators that are spread in the environment (on other people, furniture, buildings, etc). He receives a message on his mobile phone that a taxi is arriving in 5 minutes to transfer him to the airport, as scheduled. After reaching the airport, everything proceeds as planned and his flight departs on schedule. During the flight, the health sensor detects that John is suffering from stomachache and since this is a frequent health problem for John, it reminds him of his regular ulcer medicine in his cabin luggage.
While John takes his pill, the airhostess is informed about John's health problem, through the passengers detail system. She is instructed to replace John's meal with a lighter one, in order to avoid possible aggravation of his situation. The airport traffic management system reschedules the flight's arrival time to half an hour earlier than expected. As a result, the hotel reception rearranges the hotel driver's program, so that John doesn't have to wait. As soon as the airplane lands on the Charles de Gaulle airport, the driver is informed about John's exit gate and heads to pick him up at the nearest possible spot.
John is notified about the driver's location and with the taxi position is delivered to him.
Finally, John arrives at the hotel, goes up to his room, switches off his PDA and rests for a while. The meeting is rescheduled for the next morning, instead of this afternoon, so John receives a message on his mobile phone asking him to switch his PDA on. He proceeds accordingly and obtains a notification about the changes in the meeting plan. Since the rest of the day is free for him, his ulcer is not bothering him and the weather is detected to be very pleasant, he receives a proposal regarding a sightseeing walk in Paris and an electronic map, where interesting siteshe has never visited before are highlighted. Considering John's interests, it is recommended to him to visit the Eiffel Tower. John accepts the proposal and asks for a taxi to take him there. The taxi availability dynamic database is searched and a taxi is booked to pick him up in 20 minutes. John gets dressed, goes downstairs and enters the taxi waiting for him. At that moment, the charging system starts counting. The payment is deducted according to duration and distance. An electronic map for the route to follow, in order to avoid traffic jams and arrive on time to the destination comes up at the satellite trip-computer of the taxi. They reach the Eiffel Tower and John gets off the taxi, while his payment agent automatically charges his credit card. When John's PDA detects that he is next to the Eiffel Tower, it delivers to him relevant history details and information on its construction. As John approaches the entrance of the tower, the Automatic Debiting System detects his presence and finds that John's company's employees are entitled to a reduced fee, which is once again automatically charged on his credit card. The location sensor detects that John is using the elevator up the tower and he is advised not to go higher than the first level, as he suffers from hypsophobia. John reaches the first floor and enjoys the beautiful view. He receives a notification that an old friend of his is also present at the same floor of the Eiffel Tower and the two friends get to meet.
The above scenario, depicted in Figure 5 , gives an example of the use of almost all of the context types in real life. Even though this scenario may seem to refer to a distant future, similar applications are to be commercialized within this decade. 
Proposed Enhancements in VHE Architecture
In Section 2 of this paper we presented an appropriate architecture for VHE provision. Then, in our effort to add uniform context manipulation capabilities to VHE systems, we went on and analyzed context information in Section 3, providing some interesting service usage scenarios for the various types of context. Based on this analysis, we will now propose ways to enhance VHE systems, so that they will be able to handle all types of context more efficiently.
As far as context management is concerned, the most useful features of VHE and Location components will have to exchange a lot of information with each other, so we prefer to include these objects in the same package, in order to relieve the network and increase the quality of service. The distribution model of the VHE components needs to be carefully designed, to avoid creating multiple bottlenecks. As soon as the system specification is finalized, we will proceed to an extensive simulation procedure, the results of which will be used for further evaluation purposes.
We believe that the enriched and re-arranged set of VHE components shown in define a system that will be able to manage efficiently the most important types of context information. We considered all aspects of human activity and located the context information needed most often, but context is still an overwhelmingly rich concept. Therefore, it is important to make our system flexible for future use, by providing a mechanism that will be able to incorporate any new specific type of context, according to the users' needs. In telecom-oriented communities, for example, AoD can include telecom-specific context management, or within a large company, AoD can take care of the company scope specific context.
The Context Super-Component offers a uniform way of managing context in service development and usage. This abstraction can help service developers when they create state-of-the-art context-aware services by offering elaborate models and context databases, significantly reducing the time they have to spend in context analysis. As far as the users are concerned, context becomes more and more complicated and they will soon need a tool to manage all context information. With the proposed mechanisms, they will only need to provide links and grant admissions to their own context info. Until now, context information was dispersed in many different components and used in many different ways.
The Context component aims to extend the Virtual Home Environment framework, in order to handle context in an organized, uniform manner. Technology has gone a long way and is now ready to deal with all context information, so the next step is for services to evolve accordingly. Location-aware services and cartography have presented remarkable progress the last years and Geographical Information Systems have provided very efficient databases and interesting applications. Extensive research effort has also been spent in Profiling and Calendar services. In fact, people working in many research areas, have already presented specific context models and infrastructure. The VHE is an appropriate framework for the integration of all these approaches and this was one of our main incentives for the work presented in this article.
Conclusions and Future Plans
The framework described in the previous section facilitates the provision of context-aware VHE services, based on the context model presented in 3.1. A substantial investment in context infrastructure is necessary for the realization of scenarios like the one described in 3.2. Large context databases are already being created and made available to the users through advanced systems and services. A very good example is the provision of location context (maps, Geographical Information Systems etc.) and location-aware services, which take advantage of the latest mobile terminal tracking techniques and the Global Positioning System. As soon as we are able to manage all types of context information efficiently, all human activities will be significantly enhanced and accelerated. However, this technology does not come without cost or danger, for example privacy is especially threatened by automated context information acquisition mechanisms. A lot of questions rise and a lot of work lies ahead.
As an academic research team, we have already set our targets for the near future and joined relevant research projects. Within these projects we intend to elaborate further on context definition and develop state-of-the-art mechanisms and visual tools for context management in service engineering. One of these projects is CONTEXT [42] , a new IST project, for which we are already designing a context-enabled service creation platform.
The context types are to be associated to appropriate management mechanisms and the service developer will be able to automatically create high-level context-aware services, using context-aware objects just like common software components. Of course, as far as the terminals and underlying networks are concerned, our system will maintain the VHE features, or even enhance them.
